Characterization of reaction dynamics in a trypsin-modified capillary microreactor.
Application of mild vibration to an immobilized trypsin capillary microreactor can enhance digestion rates for many globular and glycosylated proteins (12-70-kDa range) without additional sample handling. A sinusoid wave form generator and a simple piezoelectric transducer were used to apply vibration in a wide frequency range to the 50-μm-i.d. enzyme microreactor over its entire length. The mass transport properties of the microreactor were quantitatively examined for protein digestions through the use of an artificial globular protein. This was synthesized by covering the surface of 35-nm-diameter latex beads with a peptide (Leu-Arg-Leu). Capillary electrophoresis analysis of the microreactor products showed there were no mass transport-related effects for vibration of the capillary. Digestions of a range of globular protein structures were performed and the products analyzed by capillary electrophoresis. The rate enhancements were found to be related to the stability of the protein tertiary and secondary structure. Cytochrome c showed a dramatic acceleration in rate of digestion as the vibration frequency increased over a range of 200 Hz to 7.1 kHz. The ability to enhance reaction rates for very stable proteins can be gained by additional means of destabilizing the protein, as shown by removal of calcium from α-lactalbumin. Vibration of the enzyme capillary will have the greatest utility for extremely limited protein samples since chemical modification to completely denature proteins usually requires considerable sample handling.